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1 
The present invention relates t0 method and 
appàratus for measuring thickness of walls 
which are formed of a dielectric material, par- 
ticularly walls of narrov neck cöntainers and 
the like, Where one Wall: surface is inaccessible 
or diffieult of access. The difficulty in checking 
or measuring the wall thickness of glass bottles 
and carboys, the inside sui'face of which carmot 
be reached readily, is apparent ..... 
I-Ieretofore, various methods, have been Sug- 
gested for checking thickness of dielectric walls 
having .inaccessible surfaces. 'One such method 
consists in measuring the mutual electrostatic 
capaCity which is created by placing one .sur- 
face of a wall of dielëetric material in contact 
with or at a controlled distance from two elee- 
trodes or capacitors When the dielectric ma- 
terial is placed in the measuring position, the 
mutual electrostatic capacity of the two elec- 
trodes is increased bY the presence of the di- 
electric material. BF measuring the mutual 
caPaCity, an indication of the, thickness of the 
material is obtained. 
A two electrode system has the disadvantage 
of requiring a compromise in the location of the 
electrodes. If. the electrodes are placed too 
close together in comparis0n-with the average 
thickness of the wall to be measùred, then the 
capacity will change by only a very small per 
certage when the thickmess of the wall is vàried, 
On the other hand, if the eleCtrodes are too far 
apart, the total capacity will .depend upon the 
average thickness over a considerable area and 
hot be sensitive to variations within that area. 
A f.urther disadvantage of Systems heretofore 
suggested has resided in their dependency upon 
proper location of the dielectric with respect to 
the gauging electrode or electrodes. If the elec- 
trodes are not always located in the saine Pat- 
terri or :re!ationship with respect to each other 
and to the dielectric, the deviations, from that 
pattern establish different mutual capacitances 
for the saine electrodes and portion .of the di- 
e]ectric article. In order for changes in mutfial 
caPacïtance accurately to indicate only differ- 
ences in thickness of a dielectric wall, the con 
figurations of the electrodes and the contiguous 
surface of the dielectric wall as well as the ar- 
rangement of those configurations relative to 
each other always must be the saine. In addi- 
tio n, the distance between all surface points in 
proximity fo the point or points of contact, Or 
points of least distance' betWeen the electrodes 
and the dielectric article, must be held constant. 
An object of. the present invention iS fo elim 
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inate these and other disadvantages and pr, o- 
vide improved apparatus including a single 
tector electr0de for accurately measuring, thick- 
ness, or variations in thickness, of an adjacent 
5 dielectric wall in response to variations in thë 
mutual capacitance of the electrode and the 
wall. 
Another object is to provide improved single 
electrode gauging apparatüs Which may be port- 
10 able and the electrode of which always presents 
the saine configuration to a contacted or a con, 
tiguous dielectric wall. 
A further object is the provision of a single 
electrode POrtable measuring device including 
15 an electrical system which is extremely sensitive 
to the very slight changes in thickness within 
a critical range and is adaptable to high speed 
accurate gauging. 
Other objects of the invention wfll become 
2o apparent from the following description ruade 
with reïerence to the aCcompanying dawing 
in which: 
Figure i is a perspective view of apparatus, 
embodying the prescrit invention, including a 
25 spherical electrode and a höllow handle wliich 
is broken away fo sho the arrangement of de- 
tector elements therein; and 
Fig. 2 is a wiring diagram of the measuring 
circuit utilized in the apparatus shown in Fig, 1. 
30 G.enerally» the invention proides noçel ap- 
paratus for determining, the thickness, or varia- 
tions in the thickness, of  Wall of dielectric 
mterial by observing the effect  Of the wall up0n 
the electroStatic caPacitance (if a Single spherical 
35 eléctrodè when portions of n accessible surface 
of the wall are successivêly contacted by the 
elëctrode. 
Thè embodiment, of the invention ilhïStrated 
in the drawing is intènded fo measurig the 
40 thickness of the walls of gluss bo%tles or the like 
and detecting uridesirably ttin or thick spots 
in the bottle watt. 
Referring to Fig. 1, the messuring appafa-tus 
includes a hollow handle, generally desigted 
45 I, which may comprise a lerigth of pipe | f6ïed 
of brass o other gdod e]ctricgl ofiducting 
metal one ënd of which is close-d by à dircuï 
cap or covef R formëd of Polystyrën ör« othèr 
insu]:ting material, and- the othr erïd Of wiiich 
50 is closed by a similar cap oi' cover  formëd 
conducting material such  as brass. 
Each of the ènd covrs R and $ are 
recessed f provide a lesser diamefr poiti0r 
which .snug]y fits intö th« pipe |; g l0flidèf 
55 § which abuts the end of the pipe; and à grèaëï 
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3 
diameter portion 6 the peripheral surface of 
which ïorms a smooth continuation of the cy- 
lindrical outer surïace la oï the pipe I. The 
reduced diameter portions 4 oï the end covers 
2 and 3 may be removably secured in the pipe 
I (Fig. 1) by screws 7 or other suitable fasteners. 
Secured fo and extending axially through and 
outwardly ïrom the end member 2 is an electrode 
supporting rod {} on the outer end of which is 
integrally formed or affixed a generally spher- 
ical electrode $. The purpose of the supporting 
rod 8 is to locate the spherical electrode 9 re- 
moved ïrom the handle  by means oï the 
smallest possible connection to the handle con- 
sistent with adequate structural support. The 
support 8 locates the ball 9 at a considerable 
distance, as, ïor example, two or more diameters 
of the ball, ïrom the end member 2, and the 
supporting rod 8, itself, is considerably smaller 
in diameter than the ball 9 as, ïor example, 
one-fourth the diameter of the ball 9 or less. 
The electrode 9 and supporting rod 8 may be 
ïormed of brass or other material which is a 
good electrical conductor. 
The rod 8, Which extends axially through the 
end member 2 into the interior of the handle 
H, supports and is secured in one end $9a of a 
polystyrene rod 1{} which extends axially through 
the handle I-I and is removably supported af its 
rear end ${}b by an axially disposed bore 15 in 
the rear end member 3. 
Mounted on the rod $ 9 and shielded within the 
brass pipe i oï the handie are components of 
crystal oscillating circuit. More particularly, 
these components include a conductor strip 
which is secured on the rod 8 between the end 
member 2 and.rod 1{} and electrically connects 
the rod {} and affixed electrode 9 through a flxed 
block condenser |3 and wire |3 fo terminal 
of a variable condenser 4 and fo end 5 of an 
inductance Coil 15 which is wound around the 
polystyrene rod $ 0. The variable condenser 
may be mounted on the rod ${} as by means of 
a clamping plate $ {} and screws $ 7. Adjustment 
0fthe condenser 14 may be effected by means of 
a screw driver $9 or similar tool passed through 
a hole 19a located in the pipe or casing $ in axial 
alignment with an adjustment member (not 
shown).. 
As. shown in Fig. 2, plate $8a of a triode tube 
8, which is strapped to rod {} as at 2{} (Fig. 
1), is connected through a line 25 to a point 
$3,b intermediate the ends 13a and $3c of the 
inductance coil 13. The triode $8 is connect- 
ed as a Pierce-Miller crystal oscillator vith 
cathode bias supplied by a resistor 22 which is 
shunted by a condenser 23 to provide a path for 
radio-ïrequency current to fiow through line 
to .ground terminal 23 (Fig. 1) without passing 
through the resistor 22. -As shown in Fig. 1, 
ground terminal 23 is secured by screw. 23a to 
the outer surïace of the polystyrene end ruera- 
ber 3 and thus insuiated ïrom the brass handle 
casing 1. 
Line 23 connects triode grid $b to the ground 
line 24 through a piezo-electric oscillator crystal 
27 and a radio frequency choke 28 which are 
connected in parallel and mounted on rod 
. Terminals $4b and $3c oï the variable tuning 
condenser 14 and the inductance coil $3, re- 
spectively, are connected through a condenser 
29 .to the ground line 24 and through line or 
lead 3{}, which extends outwardly through the 
end member 3, into a meter box generally desig- 
nated M. 

4 
As shown in Fig. 2, lead SO is connected 
through an ammeter $ to the positive terminal 
of a battery 2 or other source of electric current 
for supplying the plate voltage necessary for the 
5 oscillation of triode $8. A variable resistor 
and a battery 34 are connected in series across 
the meter 35 so that current from battery 
opposes carrent from battery 32 and provides 
means for making the meter 35 read zero either 
lO when the capacitance of the ball electrode 9 is 
uneffected or effected a predetermined amount 
by the presence of a dielectric. 
Meter 31 also is shunted by a variable resistor 
33 which provides a convenient means ïor ad- 
15 justing the instrument's sensitivity. 
The oscillator circuit for the triode plate 
is completed through a line or lead 36 which 
connects the negative or ground terminal oï the 
battery 32 with the ground terminal 23. 
2o The ground lead 33 also is connected to the 
negative terminal of a battery 37, the positive 
terminal of which is cormected through a lead 
38 to triode filament $8c. The circuit for sup- 
plying carrent to light the filament $3c is coin- 
5 pleted through a line 39 which connects the fila- 
ment to the ground line 24. 
In the crystal oscillator circuit heretofore de- 
scribed, the radio frequency choke 28 provides 
a path to ground for the rectified grid current 
30 that flows when the grid is on the positive part 
of a cycle. The condenser 23 provides a path 
ïor the radio frequency carrent to fiow to ground 
without passing through the resistor 22, thus 
precluding excessive degeneration in the circuit 
35 which might prevent oscillation. 
The condenser 29 provides a return path for 
the radio frequency current to flow to ground and 
prevents it having fo flow through the meter 
3. The condenser !3 prevents the voltage 
0 from the battery 3 or other source of current 
 ïrom appearing on the electrode 9, thus prevent- 
ing shocks to operators, or discharge oï the 
battery through inadvertent touching of the elec- 
trode to ground. 
45 In operating the illustrated and described 
gauging device, the variable condenser $4 is 
tuned by means of the screw driver $9 so that 
the parallel circuit consisting of the condenser 
4 and the inductance 3 is very slightly in- 
50 ductive ai the parallel resonant ïrequency oï the 
piezo-electric crystal 27 under which conditions 
the circuit oscillates in the Pierce-Miller 
manner. 
If now thehandle H is gripped by the operator 
55 and moved fo position the ball electrode 9 adja- 
cent or in contact with a dielctric article such 
as a bottle B, thewall 4{} of which is to be meas- 
ured ïor thickness, the capacitance of the elec- 
trode 9 is increased. 'Inasmuch as an increase or 
60 decrease in the capacitance of the ball electrode 
9 correspondingly changes the reactance of the 
tuned circuit and the oscillations of the triode 
so that a change in the average plate current 
effected and indicated by the meter  i. Changes 
65 in the reading of the meter effected by contact 
of the electrode 9 with different points of bottle 
wall 4{} indicate the difference in thickness of the 
wall 4{} at the several points contacted. 
The meter may be calibrated so as to read in 
70 units of thickness rather than current. Inas- 
mach as the electrode 9. is substantially spherical, 
it always presents the saine configuration to the 
portionof the dielectric wall 49 adjacent the 
point of contact regardless Of the angle at which 
75 the handle H is held relative to the wall. Pro- 
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viding the portions of the dielectric wall 40 con- 
tacted by the electrode 9 bave the saine curva- 
ture, the reading of the meter Il accurately indi- 
cates wall thickness. This accuracy is substan- 
tially retained at points of different curvature of 
the dielectric wall where the curvature is consid- 
erably greater than that of the electrode 9, and 
particularly so for convex walls. 
The variable resistor 3] may be adjusted so 
that the current through the meter 31 from bat- 
tery 34 balances the current from battery 32 (or 
similar sources of current) and a zero reading of 
the meter established. The zero reading may be 
established when the electrode 9 is remote from, 
and ifs capacity unaffected by, a dielectric (in 
which case the meter .l indicates actual thick- 
ness at the points ai which the electrode is 
subsequently brought in contact with the di- 
electric wall 4I}) or the zero reading may be 
established with electrode 9 in contact with a 
portion of the wall {} having a predetermined 
desired thickness (in which case readhlgs subse- 
quently taken ai different poits of unknown 
thickness directly indicate plus and minus devi- 
ations from the desired thickness). 
 The sensitivity of the instrument may be con- 
veniently adjusted merely by varying the resist- 
ance of the resistor 3 so as fo obtain a desired 
swing of the meter pointer or needle 3la when 
the electrode 9 is brought into contact, succes- 
sively, with two dielectric wall portions having a 
known difference in thicknesses. Preferably, the 
adjustment of each resistor 33 and 35 should be 
repeated fo correct for changes affected by 
adjustment of the other until true readings are 
obtained for both. 
If should be understood, that the triode plate 
1Sa may be connected fo the end Ia of the 
inductance coil 15, although the connection pref- 
erably is marie fo the tap 15b. (as in the illus- 
trated embodiment) so as fo reduce the effect of 
variations in the plate-cathode capacity on the 
operation of the instrument. 
It also should be apparent that the invention 
is hOt limited fo the use of the triode tube I and 
that tetrode and pentode tubes may be substi- 
tuted if desired. 
The preferred embodiment of the invention 
illustrated in the drawing provides a readily port- 
able thickness gauge having a single elec'rode 9 
which manually may be brought into thickness 
gauging contact with a dielectric wall 4{) by 
means of a handle tt which conveniently contains 
and shields the sensitive components of a pre- 
ferred crystal oscillator circuit. 
The single electrode 9 is constructed and ar- 
ranged so that in placing if in contact with the 

wall which is to be gauged for thickness, the 
angle af which the handle tt is disposed fo the 
wall is substantially immaterial. Thickness 
readings may be visually indicated by the meter 
5 3 directly in desired thickness units without 
computation or translation from current units. 
Other advantages of the invention and ifs 
adaptability fo other uses will be apparent. If 
will be understood that the specific embodiment 
10 shown and described is illustrative and that vari- 
ous modifications may be marie within the scope 
and spirit of the invention as defmed by the 
appended claires. 
I claire: 
15 1. Apparatus for gauging the thickness of a 
wall of dielecçric material which includes a 
metallic hadle, a single generally spherical elec- 
trode supDorted ai a point spaced from the 
handle and insulated therefrom with which said 
0 electrode is movable ino juxtaposition fo said 
dielectrlc wall, a high frequency oscillator mount- 
ed in and grounded to said handle, a source of 
current located externally of said handle and 
connected in the oscillator circuit, the current 
5 o said oscillator varying resDonsively fo changes 
in the capacitance of said single elect'ode pro- 
duced by a change in thickness of the dielectric 
wall adjacent fo the electrode, and a meter for 
measuring the average oscillatr current. 
0 2. The apparatus recited in claim 1 and in- 
cluding an additional source of current opposing 
the fiow of current from the first source through 
the meter. 
3. The apparatus recited in claire 2' and 
5 cluding a variable resistor for adjusting the 
amount of currmt from said additional source. 
4. The aDparatus recited in claire 3 and in- 
cluding a second variable resistor shunted across 
said meter. 
40 5. The apparatus recited in claire 1 and where- 
in the oscfllator bas a cathode resistor bias. 
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